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Abstract 
Recognition of handwritten chemical formulas is a hot area. Since the symbols are often written connected and 
cannot be easily segmented, the recognition of the whole formula faces challenge. In this paper, we present a method 
for handling the connected areas in online handwritten chemical formulas. The formula is preprocessed firstly and 
then both of structure features and time features are combined for segmentation. Benzene ring is a very common 
structure in chemical formulas, so we employ the freshman chain code to separate it from the chemical bond when 
they are connected. Experiment results show that the proposed method can work with a high accuracy of more than 
90%. 
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 Introduction 
Recognition of online handwritten chemical formulas has become a hot area [1]. In recent research, an 
online handwritten chemical formula segmentation method based on recognition is proposed, but it cannot 
separate connected symbols [2]. 
Segmentation is an essential component in any practical handwritten recognition system. Since 
handwriting is unconstrained and writer-dependent, it is very common that two adjacent characters are 
touching or written with one stroke, which brings great difficulties to segmentation. Here, we need to make 
it clear that touching characters and connected characters are different. Connected characters are written by 
one single stroke, while touching characters have their own strokes and just adjoin at some point. Up to 
now, much research has been focused on segmentation of touching characters and good experimental 
results have been achieved [3,4]. However, segmentation for connected characters is so difficult that little 
progress has been made. In this paper, we focus on the segmentation of connected symbols in online 
handwritten chemical formulas. 
There are three commonly used segmentation method: projection based segmentation, image analysis 
based segmentation and recognition based segmentation [5]. However, the above methods do not apply 
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directly to segmentation of chemical formulas because the structure of chemical formulas is complicated 
and two-dimensional. In this paper, an effective method is introduced to separate connected symbols in 
online handwritten chemical formulas. The proposed method can cope with connected symbols in 
inorganic and organic chemical formulas, such as connection between organic ring and chemical bond. 
Prior to segmentation, it is necessary to perform preprocessing to smooth strokes and remove noises. After 
that, we first use the Freeman coding method to detect organic ring and then determine other connection 
types of inorganic symbols [6]. The main assumption is that a chemical formula is always written from left 
to right and the stroke has a pen trace of “downward-upward-downward” when two adjacent chemical 
symbols are connected. What is more, the writing time of connected symbols is longer than time of usual 
strokes. Furthermore, structural information of chemical formula is also very important for segmentation. 
The proposed segmentation method combines factors of writing time, pen trace and structural information. 
Experiment results show that it has fully met the demand of practical application.  
The remainder of this paper is organized as follows: in Section II, the types of connection in online 
handwritten chemical formulas are described and analyzed. Based on it, Section III presents our 
segmentation process and algorithms in detail. We discuss the experiment results in Section IV. The last 
section concludes and outlines our future work. 
Types of connection 
According to the relative position of the connected symbols and the way they connect, the commonly 
connected symbols in online handwritten chemical formulas can be classified into the following types. 
1) Lower-right: The relative position of the two connected symbols is lower-right, and the second 
chemical symbol is a subscript symbol. 
 Single-point join where the pair of chemical symbols are sharing the same point. The shared point 
is the connected point. See Fig.1(a). 
 Single-segment join where the pair of chemical symbols are sharing part of the stroke. The peak of 
the shared segment is the connected point. See Fig.1(b). 
 Single join with a ligature where the pair of symbols are connected with an extra segment. See 
Fig.1(c). 
 Overlap. Two connected points, See Fig.1(d). 
 
(a)          (b)               (c)          (d) 
Figure 1.  Lower-right 
2) Upper-right and left-right: When two adjacent chemical symbols are written by one stroke and 
have the upper-right or left-right relative position, they are always joined with an extra segment (ligature). 
In this case, there are two connected points.  
 Ligature join where the pair of chemical symbols are smoothly joined with a ligature. The ligature 
is defined by a sharp point and the shared point. See Fig.2 (a). 
 Ligature overlap where the pair of chemical symbols are joined with a ligature and it overlaps with 
the second chemical symbol. The ligature is defined by the cross point and the shared point. See 
Fig. 2(b). 
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(a)                 b  
Figure 2.  Upper-right and left-right 
3) Organic ring-chemcial bond: In organic chemical formulas, the organic ring is a very special 
structure and people are used to connecting it  with chemical binding.  
 The chemical binding and the whole organic ring is handwritten by one stroke, and the chemical 
binding comes first. See Fig.3 (a). 
 The chemical binding and the whole organic ring is handwritten by one stroke, and the organic 
ring comes first. See Fig.3 (b). 
 The chemical binding and part of the organic ring is handwritten by one stroke and the chemical 
binding comes first. See Fig.3 (c). 
 The chemical binding and part of the organic ring is handwritten by one stroke and the organic ring 
comes first. See Fig.3 (d). 
 
(a)    (b)         (c)          (d) 
Figure 3.  Organic ring connected with binding 
By observing a lot of connected symbols in online handwritten chemical formulas, we find that the 
connection of two adjacent chemical symbols often produces corner points. As the outer structure of 
organic ring is special and fixed, the most simple and effective way of solving its connection with chemical 
bond is to detect it first and then separate it out.  
Segmentation 
B. Preprocessing 
As the digital tablet used to record handwriting strokes are not perfect, it is necessary to perform 
preprocessing to smooth the strokes for avoiding distortion before separating the connected chemical 
symbols. Given an online handwritten chemical formula, the process consists of removing duplicated 
points and hooks, smoothing data, performing re-sample and so on. 
C. Methodology 
The flow chart of the algorithm is shown in Fig. 4. The algorithm comprises of four main steps, which 
are detection organic ring based on Freeman chain code, analysis of pen trace to locate the connected point, 
determination of the type of connection, separation of the two connected chemical symbols and removal of 
the ligature if it exists. 
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Figure 4.  Flowchart of the proposed algorithm 
1) Detection of organic ring based on Freeman code 
An organic ring must be a ring structure. Thus, we first look for a ring, and then code sample points 
belong to it by Freeman coding method to determine whether the ring is an organic ring. This can make the 
algorithm simple and significantly reduce the computing time. We will take the benzene ring for example. 
Its Freeman chain code is shown in Figure.5. 
An online handwritten chemical formula consists of a series of sample points which are ranked by the 
writing time and it can be expressed as nPPPCF 21 , where n is total sample point number of 
the chemical formula. iP  is a sample point, and it can be noted as },,{ iiii tyxP , where xi and yi are 
values of x-coordinate and y-coordinate, and ti is the collection time. 
We use Euclidean distance to calculate the distance of any two sample points Pi, Pj, seen in (1). 
22, jijiji yyxxPPd
The method of detecting the organic ring is described as follows: 
 Scan each sample point of a given online handwritten chemical formula. If two sample points Pi 
and Pj satisfy (2), the set njkiPPPPR jkii 1|,1  is the ring that we have 
detected. 
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Where 1l and 2l are two threshold values set to 4 and 20 respectively.
 Suppose centercenter YXO ,  is the boundary box centre of R and take it as the origin of 
coordinate system. For each point iP in set R, we compute the angle which are formed by the two 
lines: one is defined by vector iOP , the other is defined by the positive direction of x-axes. The 
range of the angle is  from 2  
 Rank all the points in set R according to their angle in anticlockwise way, obtaining a new set 
njkiPPPPR jkii 1|
'''
1
''
 Compute the slope of each two points with m points interval in set 'R  by (3), and then code in 
eight directions according to Freeman coding method. S is the obtained chain code.  
mii
mii
xx
yyk    
here k is the slope of vector mii PP practical application, m is set empirically. If m=1, the 
disturbance caused by noises cannot be overcome. 
 The chain code of the benzene ring is showed in figure 5. If the chain code S matches 
101170057745534433
212271167756635523322 then the ring is a benzene ring otherwise 
it is not. 
Figure 5.  Chain code of organic ring 
After detecting the benzene ring, we only need separate it from the chemical formula. In addition, if 
other strokes are contained in the ring, merge them to the detected benzene ring. Now, we have solved the 
connection of organic ring and chemical bonding. After separation of organic ring, there are only 
connected inorganic chemical symbols, that is, the first two types of connection. In the following another 
method is proposed. 
2) Segmentation of inorganic connected handwritting 
The stroke of the connected symbols can be divided into three main sub-strokes and has the pen trace 
of “downward-upward-downward”. The connection point is the corner of upward sub-stroke to re-
downward sub-stroke. Here, the “sub-stroke” means part of a stroke. In addition, the stroke writing time of 
the connected symbols is longer than other strokes. Our approach is described as follows: 
 Compute the average writing time of the rest strokes according to (4). 
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Where it is the writing time of stroke i, and 
'n is the stroke number of the given chemical 
formula. 
 Scan each stroke of the given chemical formula. If  is the writing time of the 
current stroke), go to  next step, otherwise, scan the next stroke. 
 Analyze the pen movement of the stroke to determine whether its trace is “downward-upward- 
downward”. If so, go to the next step, otherwise, return to the second step. 
 Determine the relative position of the two connected symbols by comparing the bounding boxes of 
downward sub-strokes and the formula. If it is lower-right, we need to determine their connection 
type. The first two connection types use the downward-upward sub-stroke as the first symbol while 
the last connection type only uses the downward sub-stroke as the first symbol. The second 
downward sub-stroke is the second symbol. If the relative position is left-right or upper-right, the 
upward sub-stroke is a ligature and we need to remove it. The segment between the start of the 
stroke and the local lower point is the first symbol, and segment between the highest point of the 
ligature and the end of the stroke is the second symbol. 
Though some chemical symbols, such as b, a, h, have the pen trace of “downward-upward-downward”, 
they will not be over segmented for we have considered the relative position between the whole chemical 
formula and the single symbol. 
Experimental Results 
D. Evaluation method 
For segmentation of connected symbols, we should not only separate them correctly, but also avoid 
over segmentation. Over segmentation means one normal chemical symbol is considered as one pair of 
connected symbols and separated. In addition, an online chemical handwritten formula may have many 
pairs of connected symbols. If any pair of connected symbol is wrongly separated or un-separated, the 
segmentation of the formula is unsuccessful. Similarly, if any symbol of a chemical formula is over 
segmented, then the chemical formula is over segmented. Thus, we put forward the concept of entire 
segmentation. In this paper, we propose an evaluation method, including local segmentation and entire 
segmentation, for segmentation of connected symbols in online handwritten chemical formulas. We not 
only analyze the local segmentation result of connected symbols, but also formulas with connected 
symbols are evaluated. 
1) Local segmentation: 
%100*
LN
LCNLCR  
%100*
LN
LWNLWR  
%100*
LN
LONLOR  
Where LN is the pair number of connected symbols, LCN is the pair number of connected symbols 
who are correctly separated, LWN is the pair number of connected symbols who are wrongly separated, 
LON is the number of symbols who are over segmented 
2) Entire segmentation : 
%100*
EN
ECNECR  
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%100*
EN
EWNEWR  
%100*
EN
EONEOR  
Where EN is the number of formulas with connected symbols, ECN is the number of formulas who are 
correctly separated, EWN is the number of formulas who are wrongly separated, EON is the number of 
formulas who are over segmented. 
E. Experiment results 
We collected 1200 online handwritten chemical formulas which were freely written by 20 writers. 
There are 281 formulas with connected symbols and 397 pairs of connected symbols, including all types of 
connection described in section II. Experiment result is shown in table 1. The local segmentation rate is 
92.7% and the entire segmentation rate is 91.8%, which demonstrates the efficiency of the proposed 
method. 
Table 1 Results of connected symbols segmentaion 
Local segmentation Entire segmentation 
 Connection 
types LCR LWR LOR ECR EWR EOR
Lower-right 91.0% 1.4% 0.7% 89.2% 2.4% 1.2%
Upper-right 
and Left-right  95.7% 0.0% 0.0% 95.6% 0.0% 0.0%
Organic ring - 
chemical bond 91.0% 0.0% 0.0% 89.8% 0.0% 0.0%
Total 92.7% 0.5% 0.3% 91.8% 0.7% 0.4%
Conclusion 
In this paper, we have studied on segmentation of connected symbols in online handwritten chemical 
formulas. A universal segmentation method and evaluation criteria are proposed for all types of connection. 
The proposed segmentation method combines both the chemical formula structural information and online 
information, including writing time, pen trace and so on. What is more, for organic ring structure, the 
Freeman coding method is employed and good experiment results have been achieved as well. Such ideas 
can be extended to other similar online handwritten domain, for instance, the mathematical formulas.  
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